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Abstract: 

The proposed principal aims to obtain geometrical and diffraction super resolving capabUicy The 
combination between the two types of techniques is most imponant since if only one type of 
improvement is obcamed the resolution is to be restricted by tlie other type. The approach for obtaining 
the geometncal super resolution is based-upon viewing che same spatial infonnation several rimes while 
each time the image is viewed by a proper sub pixel shift: The image with tlie high spatial resolution is 
resolved by applymg a Gabor transform like algorithm. The fine reconstmction is possible only due to 
special mask anached to the sensor plane. The mask may be prepared as a special optical element Tlie 
sub pixel viewing of the image may be obtained using the time multiplexine approach or Uie space 
multiplexing using a special optical element that replicates the Imaged object with proper sub pixel shift 
among the replicas. 

The diffraction super resolution ability may be obtained by various techniques. One of the most 
common js the one that involves two rotated gratings where the first one is attached to the viewed 
object and the second is attached to the sensor. Since In imaging systems, the object is located far away 
from ihc. observer the attachment of the grating becomes a non-practical task. In scanning systems such 
a? barcodes readers, the object-attached grating may be synthesized by illuminating the object by 
illumtnation having a spatial structure of a gracing. Tlie iilumination is to be shifted with time in order 
lo simulated the temporal movement of the gmiing. 



1, Scientiflc background 

The super resolution of imaging systems is 
an important subject for technological 
investigation and innovation [1-3]. 



In the literature, the studies of near or far 
field super resolution add ressed rtg«;iie«; 



intended to overcome diffraction 
phenomena [4-8]. Tlie resolution of a 
system lim ited by diffraction is defined as 



the Imisr'cfoiail iliat can pass through the" 
system without being distorted [9], 
ilowcvcr. in many practical viewing 
systems, i!io resolution is limited by iUc 
detection sampling system, i.e. the 
resolution of the system- sensor. This 



defines another type of super resolution, to 
be called "geometrical super resolution". 

In this patent we will focus on this tj'pe of 
super resolution suggesting an algoritlim 
that improves it. In addition we will adjust 
the dif&action super resolving techniques 
prffvi o n sly discussed in the literatur e [8], 
for die use of scanning systems. Regarding 
the geometrical super resolution, the 
approach for obtaining sucJi a^uper„ 



resolution is lo apply a time multiplexing 
(or a space multiplexing) procedure 
together with a sub pixel scans of the 
sccDC. nicrcullcr, electronic compuliilion 
of the inverse Gabor transform (10] of Uie 
captured images will provide a single 
image with improved geometrical 



resolution. Such a^^wDrovement is to be 
achieved only due ^^speciaL masking of 
the sensing device. Regarding the 
diffraction super resolution, the 
adjustment is obtained by avoiding the 
attachment of a moving grating to the 
observed object. Instead, the object is to 
be illuminated by a grating pattern, which 
is changed with time in order to simulate 
the required lime movement of the grating. 

2. SW Adaptation Process 

Refs. [11,12] propose a general tool for 
designing and analyzing optical systems 
that provide diffraction superresolution 
capability. A generalization of the space 
bandwidth product (SW) tenTi is done 
tliere in order to map the distribution of 
the degrees of freedom within the phase 
space (in that particular example - a 
Wigner chart). Associating the SW to a 
function instead to a single number does 
it. The resolution merit is now the area, i.e 
the shape of the SW funct ion, in the x, v- 
plane. Using a distinction betv^'een the SW 
of a signal (SWI) and tlie SW of a system 
(of the ensemble average of the signals 
ihnt the system cnn trnn.<;fcr perfect ly, 
cDincd SWY) «n ndapiuiion nlgorithni llml 
adapted the two shapes in the x, plane 
was performed to achieve a complete 
transmission of information. This 
representation where only the area of the 
SW is important is relevant only for 
binary Wigner charts. Tl^e real number of 
degrees of freedom needed for fully 
expressing the signal is the volume of this 
SW function (proportional to the energy). 
Following this interpretation, tlie basic 
idea of any superresolution system is as 
follows: Assuming that ihe optical system 
provides sitfftcient degrees of freedom for 
liattd/ing t h e expected i nput si g v al y b ut t h ^ 



degrees of freedom are Jiot well 
distrihufrtl in rhe plutsc spac i' to Jif the 
_sys(cm (/agrees of frL'ecAmt_di.\fnihuiion^ 



SWY in te|^^of area adaptation. Tnis 
process ha^^n generalized [11] to 
except various degrees of freedom of the 
signal including time, wavelength, and 
polarization. 

The 3-D (volume) adaptation process may 
actually be performed in two steps. First 
by performing the adaptation of the 
dynamic range and second by performing 
the 2-D (area) SW adaptation process 
previously mentioned. An important tool 
for performing the dynamic range 
adaptation operation may be a grating. 
Multiplying a signal by a phase grating, 
for instance, creates several replicas in the 
Wigner plane while each replica has lower 
intensity. This mean that a U'adeoff is 
performed between the energy of each 
replica, which is decreased (lower 
energies need lower dynamic range), and 
tlie number of replicas (increasing the 
occupied area of tlie SW function). After 
die adaptation of tlie dynamic range, the 
2-D SW adaptation algorithm will deal 
with the obtained area enlargements and 
will perform an adaptation between this 
area of the signal to the acceptance area of 
the sy.stcnn (by using other domain, as the 
lime domnin for iiistoncc, in iUc limc 
multiplexing approach). 

An example of geometrical 
superresolution in terms of SW adaptation 
is illustrated schematically by Fig. 2, Tliis 
is the case where the spatial resolution of 
the viewed background is much finer than 
the spatial resolution to be viewed by the 
sensing device. Fig. 2a is tlie SW function 
of the signal (SWI) and Fig. 2b is the 
accepted SW of tlie system (SWY), In 
order to increase the viewed spatial 
resolution, SW adaptation process is 
a pp li ec 



Now, the superresolution action means an 
adaptation of SWI to SWY. 

Fig. ! shows an example of such a 2-D 
SW - adaptation process. This example 
illustrates how the SWI is adapted to the 



JMic range 

degrees of freedom are converted to 
.spntini ilcgrccs of frcedoin ii.sing (i grnling 
,Cor_cxaiiioic^ lie_S W \ aactL-tliis-sta gc-is- 



shown in Fig. 2c. Then, based on lime 
multiplexing (using the temporal degrees 
of freedom), each time slot, a part of the 
SWI shown in Fig. 2c is transferred. Fig, 
3 demonstrates additional example where 
3-D SW adaptation process was applied. 



In this case^^^daptation was performed 
over the detector which is. a part of 
system's characterizations. The adaptation 
was done by dividing each detector's pixel 
into three regions. This operation allowed 
Ihe detector to sense spatial frequencies 
which are three times higher, but it 
decreased il<5 dyiuiinic rnnge. This 
operation adapted ihc SWY to the SWI 
charts and allowed full transfer of signal's 
infonnaticn. 

3, Sub Pbcei Methodology 

Assume that the sensing device samples 
the line scene N times, each time with M 
pixels. Each sensing pixel integrates all of 
the light imaged upon It within the cycle, 
The detected energy of the k-th pixel 
(k-l,2,...,M) is thus; 

= Ju(x)g(x-.(k-l)Ax)dx (1) 

where u(.x) is the viewed olijcct. Ax is the 
pixel size and g(x) is the spatial shape (i.e, 
apodization) of the pixel. In each adjacent 
sample, the image is shifted with expect 
to the device by a distance of Ax/N. 
Based, therefore, on the assumption that 
the sensing array is shifted with respect to 
the image (N-I) times, every time by sub 
pixel distance of Ax/N, the signal readout 
corresponding to the k pixel in the n th 
shift is: 

y.(n)= 

= /u(x)gj^x-(k-l)Ax-n^jdx 

The displacement of the CCD is 
equivalent to a movement of the scene 
u(x) along tlie opposite direction: 

yk(n)= 

Ax^ , ... (3) 




(k I) A a)J a 



We now have N captures associated with 
pixel. We will no jw _sequeuce-tl ic- 



m = l,2,...,MN 

Performing now a discrete time Fourier 
transform (DTFT) of tlio obtained y,„ 
series having the length of MN terms 
yields: 

Y(<I>)-Zyn,exp(-i27i(m-l)<I>) (5) 

m-l 

where cj? is the frequency coordinate of the 
DTFT. We will noAv show that it is 
possible .to reconstruct a discrete sampled 
version of the function u(x) with these 
MN samples. This will be done in spite of 
the fact that the sensor provides only M 
pixels per line and each pixel represents 
the convolution of u(x) widi the pixel 
spatial modulation g(x). Let us assume 
that the spectrum (Fourier transform) of 
the continuous function u(x) is: 

U(v)= Ju(x)exp(-i2:tvx)dx (6) 

— eo 

A discrete time Fourier transform (DTFT) 
based on the MN samples is defined by: 

U(<13) = 

= (m-l)-^lexp(-i2;r(m-l)3>) ^^"^ 

Note that cD (the DTFT spectra] 
coordinate) and v (the Fourier transform 
spectral coordinate) are related via tl)e 
sampling rate 



<P = — V 

N 

A well-known relation be^veen 
Fourier transform and the DTFT is: 



u((D)=2:u 



r 



■iJi 

Ax 



(8) 
the 

(9) 



when I gets values so that the spectral 
width of U(v) is fully scanned. 



yk(n) captures in an interlaced fkshion7i.e. 
ym=y(m)=y([k.l]N+n). Assuming that the 
sensing array of the camera has M pixels,, 
we now have 



Substituting Eq. 4 into Eq. 5 and changing 
the order of summations (the integral and 
-the-summation^j one-gets: = 



S u[x (m - i2r.(m - l)o) 




= U(<l>)exp(i2Tcxv) 

Now, returning back ro Eq. 5, one obtains: 



0 

Y„(0)= Jg(x)exp(i2Ttvx)dxU(0) 

where G(v) is the Fourier transform of 
g(x). . 

As N increases, I runs along smaller range 
and the aliasing betv/een the different 
replica of U in Eq. 1 1 (different I values) 
is decreased. The result is thai the spectral 
band of Y(cf) is increased (a larger 
amount of spatial frequencies is viewed in 
the captured image). 

In order to resolve u(x), one needs to 
divide Yi<t>) (the DTFT of Y) by G(-v) 
and thereafter to return to. the spatial 
domain bv performing and inverse DTFT: 

= (12) 

Indeed, special care should be devoted to 
frequencies were G(-v) gets zero or 
becomes close to zero. This can be done 
using standard deconvolution approaches 
taking into account that commonly the 
pixel shape g(x) is symmetric and Uius 
G(-v) is real. In addition since the pixel is 
more sensitive to light at its central area 
and less at the its outer regions, the 
sensitivity function g(x) is similar to a 
Gaussian function whose Fourier 
transform has only non zero values. 

T h is op e rat i on o f image cap tm ing 
described by Eq. I is actually equivalent 
to the performance of the discrete Gabon 
-t ransform — ov^r — u — wh h — the — ^w indow- 
funclion g. Note that performing a DTFT 
followed by a division by G and then 
performing an inverse DTFT is equivalent 
to the performance of the following 
discrete convolution: 



.„=|<p||.((.-p)t) 03, 

In order to implement tlie DTFT by 
computer one should perfomi the discrete 
Fourier transform (DFT) operation which 
is equivalent (in proper conditions) to 
performing a sampling of the DTFT. The 
DFT may be calculated using fast 
algorithms as the fast Fourier transform 
(FFT). 

Since in the space domain we wish to 
obtain MN samples, we need to sample 
tlie DTFT spectrum in distances tliat are; 

ACD=^^, (14) 
MN 

This is since the DTFT coordinate <L> 
period range !s bounded between and 
Yz due to the periodicity of tlie DTFT 
spectrum. Padding die spatial series widi 
zeros (enlargement of its length) decreases 
AO. Since according to Eq. 12 the 
algorithm includes division by G(-v) 
(which may have zeros due to its spatial 
limited sizes) we will choose in a way 
so tliat the sampling points A<J>k (k is an 
integer) will not coincide with the zeros of 
G(-v). 

4, Masldng Operation 

According to Eq, 12 the algorithm requires 
division by G(-v), which may have zeros 
due to its spatial limited si7,es, an optical 
device is needed in order to remove tlie 
zero regions beyond the maximal 
frequency to be reconstructed after the sub 
pixel procedure. A fine transmission 
grating with period of Ax could be 
attached to the sensing device panel. Such 
a transmission grating will decrease the 
effective size of each pixel so that its 
F o u ri er -fa^sforni G(-v) mil have wide r- 
band and the zero regions will be removed 
to higher frequencies. The apodized pixel 
-(d e termined-by-lhe-transmission-patte rn-O f- 
the grating) should be designed in an 
iterative manner so that the bandwidth of 
it5 Fourier transform G(-v) will be wider 
than the highest frequency aimed to be 
reconstructed via the sub-pixel procedure. 
The price to be paid by chis solution is the 



decrease of tl 
pixels. 



ergy sensed by tlie 



Returning now to the computation 
estimation requirement of the proposed 
algorithm, we find that it is in the order of 
MN length Fourier transform for each 
dimension. Indeed, a fast Fourier 
transform routine can be used, but still, the 
amount of calculations is high. 

One can reduce dramatically tlie 
computation requirements if some apriori 
information on the object shape is known. 
For example, if the task is to localize a 
light spot with a given width. Then, by 
ignoring diffraction distortions, the spot 
will activate a finite response only in a 
well known number of neighbored pixels. 
This can reduce tlie number of 
calculations involved in the 
Fourier/inverse Fourier transform 
calculations. 

The masking shape may be determined, 
for example, as exhibited by Fig, 4. Fig. 
4a illustrates the input object u(x). Its 
Fourier irnnsform is seen in Fig. 4b. Fig 4c 
presents the pixei^s shape g(x) and Fig. 4d 
15 its Fourier (ransfonn. In Fig. 4c one may 
sec the anmplcd u(x) before ihc sub pixel 
super resolution algorithm and in Fig 4f its 
Fourier transform. Fig. 4g presents u(x) 
sampled with a resolution eight times 
higher than the one in 4€. Fig. 4h is its 
Fourier transform. Fig. 4k presents the 
shape of the improved masking and Fig. 41 
shows the expansion of the spectrum of 
g(x) due to the improved masking. The 
resulting spectrum does not contain zeros^ 

Fig. 5 illustrates the operation of the sub 
pixel algoridim. In Fig. 5a a barcode is 
e xhibited, Due to the rest ti cte d s pattaH 
resolving ability of the sensing device, tlic 
captured image is the one seen in Fig. 5b, 
A n or c rci 1 1 i 0 yL^i c ii i kiu ^_mAuiiilculi,ui i 



5. Mask Positioning 

In infra red imaging systems (FLIRs) it is 
quit complicated to places a special mask 
attached to the sensor due to cooling 
problems. In most of the telescopic 
imaging systems a mid imaging plane 
exists. In this plane an imaging of tlie 
output scene is obtained. Tiiis plane is also 
imaged over the sensor with a 
magnification factor usually of one. 
Instead of placing the required mask 
attached to Uic sefisor one may place it in 
the mid imaging plane where tiie mask 
may be cooled without any special 
problems. Suice tlie diffraction restrictions 
are: 

5X-2.44XF,. 

wliere Fa is the F number of the lens, die 
fine spatial frequencies required from the 
mask will be able to pass to the sensor and 
to allow to operate the geometrical super 
resolution algoritlim. 

6. Computer Simulations 

In order to demonstrate Uic abilities of the 
suggested technique several computer 
siinulalions were performed for 2-1) 
objects. The object presented in Fig. Ga 
which has spatial resolution of 256*256 
pixels was captured by a CCD camera 
having a spatial resolution of only 32*32 
pixels and 8 quantization bits of dynamic 
range. Fig. 6b illustrates the low 
resolution image seen by the CCD before 
applying the super resolution algorithm. 
The mask attached to each pixel of the 
CCD was [0 1 0 1 1 0 0 0] where I 
indicates fiill transmission and 0 indicates 
zero transmission. 



I he reconstructed Image alter- applying 
the algoriihm is presented in Fig, 6c. One 
mny 5ec ihitt nil of the .*?na(inl dclnils 



using 8 vertical replications and 
eventually applying the sub pixel 
nigoritltm, tlic obtained result is seen in 
Fig, 5c. A comparison between Fig. 5a and 
5c exhibits the successful spatial 
reconstruction. 



were fully reconstructed. 



In Fig. 7 we wish to examine the 
sensitivity of the algorithm to the number 
of quantization bits of tlic CCD camera. 
Fig. 7a illustrates the low resolution image 



captured a CCD havi^^2*32 pixels and 
only I quantization^^ Fig, ^7b is the 
reconstnicted image, one may see that it 
is not identical to the input but due to the 
masked time multiplexing sub pixeling 
algorithm, the obtained result is much 
closer to the original input not only by its 
spatial resolution but also by the gray 
level range obtained in each pixel. Fig. 7c 
is Ihc iiuiigc cn|>iurc5 hy ihc aninc CCD 
but wiih 2 quanliznlion bits per each pixel. 
Fig. 7d is the reconstructed image, One 
may see that it is almost identical to tiie 
original one. Fig. 7e presents the obtained 
reconstruction when a 4 bit CCD camera 
was used. Here as well the image was 
fully reconstructed. From the above 
simulations we may conclude not only that 
using the masked time multiplexing sub 
pixeling algorithm the spatial resolution is 
fully reconstructed, but also die obtained 
result is not sensitive to the number of 
quantization bits of the CCD. Even for a 
CCD having 2 quantization bits, the 
original image is almost completely 
reconstructed, 

7. Ways to Implement the Geometrical 
Super Resolution 

The sub pixel shiftijig of the captured 
image may be achieved by time 
multiplexing or by space multiplexing. 
The time multiplexing approach requires 
an active micro scan in which the sensor 
scans the field of view in a sub pixel 
shifts. This scan may be achieved by 
rotated mirrors, which reflect the scene to 
the sensor. Another way is to use a passive 
lime multiplexing approach, which can be 
applied if the sensor is placed on a 
vibrating -platform. In this case, the 
parameters of the vibration arc lo be 
estimated by special vibration sensors or 



element) may J^^ttached to tlie aperture 
of the objecti^^is. The element causes 
to the desired replications, of the imaged 
scene, over the sensor's plane (a Fourier 
transform of a grating is a set of delta 
functions). 



8. Diffraction Super Resolution 

Rcf. [8J speaks about a diffraction super 
resolution technique, which is obtained 
using ^A^o special rotated gratings placed 
attached to the object and to tlie sejisor.,.., 
The movement of the grating attached to 
the object plane encodes its spatial 
information by a Doppler like effect and 
allows transmitting it tlirough the 
restricted aperture of the imaging lens. 
The decoding of the information is 
obtained using tlie second grating attached 
to he sensor plane. This configuration may 
be very useful for microscopic 
applications but it fails to be practical in 
imaging systems. In applications dealing 
with scanning .systems, the special moving 
grating, which is lo be attached lo U)c 
object, may be synthesized by the 
illumination source. A special diffractive 
optical element may be attached to tlie 
illumination source such that in the object 
plane a grating pattern is to appear and lo 
scan tlie object, By phase modulating the 
source a movement of this pattern is to be 
obtained on tlie object plane (linear phase 
modulations are expressed in the far field 
approximation as shifts). This effect may 
be achieved also by illuminating the object 
with two coherent beams. Due to the 
coherence of the beams, interference 
fringes will appear. By phase modulating 
one of the beams the fringes will be 
shifted Qppropriclly. 



by algorithmic means. Then, the sampling 
of the view is to be synchronized by a 
special timer such that tJie sampling will 
^^cew^xae tlywKen the' vibf ated-sensor^ 



located at the required sub pixel shift. 

In the space multiplexing approach a 
special grating like optical element (which 
can be a diffractive or a refractive optical 



9. What 13 claimed is: 

1, The algoritJim which includes spatial 
resolution improvement using spacs 
multiplexing and containing: 

- a) An unconventional (diffractlve, 
reflective or combined) optical 
element placed instead of the 
imaging lens to create replicas of 
the imaged object, if a space 
multiplexing approach is used and a 
special sampling-timing device if 
the sensor is placed on a vibrating 
platform and a time multiplexing 
nppronch is used. 

b) A masking lhat modifies the pixePs 
shape to avoid zeros in the Fourier 
transform of g(x). 

c) A sub pixel algoritlim, e.g. a Gabor 
transform based algorithm, for 
achieving the resolution 
improvements, 

2, The method of claim 1, wherein said 
that a different sub pixel algorithm is 
used instead of the Gabor transform 
(e.g. Wavelet transform or a Mellin 
transform if a non "equalized shifts are 
created between the different replicas). 

3, The method of claim 1 wherein said 
that the sub pixel scan is done using 
the time multiplexing approach with 



micro scan. 
4. The method of claim I wherein said 
that the sub pixel scan is done using 
the time multiplexing approach by 
extracting the parameters of a vibrating 
platform- 



method of claim I wherein saicT^ 
that for the space multiplexing sub 
pixel scan, the design of the optical 
element which creates the desired 
replicas a Gerschberg-Saxton algorithm 
or muiti facet implementation may be 
applied- 

6. Tlie method of claim I, wherein said 
diat some other type of multiplexing is 
obtained in order to achieve the 
resolution improvement. For instance 
wavelength multiplexing. 

7. Tne metliod of claim 1, wherein said 
that former or* following the spatial 
super resolving algorithm a noise 
removal technique is applied. TTie 
noise suppression technique may be a 
Wiener filter, morphological correlator, 
triple correlator or any other known 
procedure. 

8. The method of claim 1, wherein said 
that the mask is placed in mid imaging 
plane. 

9- The method can be applied also for2-D 
objects while any of the known. 

multiplexing approaches may be 
applied over the 2-D replications of the 
object (for instance time, space or 
wavelength multiplexing). If again a 
spatial multiplexing is used the object 
may be replicated as a 2-D object or 
the replication may be applied on the 
object as line by line. 
lO.A device that obtains a diffraction 
super resolution using the technique 
described in Ref. [8] and a special 
jiJumination wnjcn replaces the graxing 
attached to tlie observation scene. The 
movement synthesize of this virtual 



grating is to be achieved using a phase 
modulation of tlie illuminating source 
or by pha^e modulating one out of two 
interfering beams creating desired 
interference fringes. 



For the Applicant, 
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Sanford T. Colb & Co. 
C:33827 



RAMOT UNTX^SITY AUTHORITY FOR APPLIED 
RESEARCH & INDU^^NL DEVELOPMENT LTD. 



EIGHT SHEETS SHEET NO. 1 




Fig. 2 The 3-D SW adaptation process illustrating dynamic range trade off operation, 
(a) SWT, (b) SWY, (c) SWT after grating and'(d) SWI after time multiplexing. 
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Fig. 3 The 3-D SW adaptation process illustrating sub-pixeling operation, (a) SWI, 
(b) S WY, (c) SWY after divicJing each pixel lo 3 regions. 
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Fig. 4 Avoiding division by zeros algorithm, (a) u(x), (b) Fourier transfonn of u(x) (c) g(x) 
(d) Fourier transform of g(x) (e) sampled u(x) before sub-pixel super resolution(f) its Fourier 

transform (g) u(x) sampled witli a resolution eight times higher than the one in (e) (h) its 
Fourier transform (k) die shape of die improved masking (1) the expansion of the spectrum of 

g(x) due to the improved masking. 
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Fig. 5 The sub pixel super resolving algorithm, (a) the original object (b) the low resolution 
captured object (c) the reconstruction via the geometrical super resolving technique. 
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Fig. 6 Computer simulations of the suggested technique, (a). Original image, (b). Image after 
resolution decreasing (c). Reconstructed image. 




(a) 



RAMOT UNIVERSITY AUTHORITY FOR APPLIED EIGHT SHEETS SHEET NO. 8 




r 



*i * k^'m - i -'** *-. *'! • 
















k 


• 



THIS PAGE BLANK (uspto) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

i COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



THIS PAGE BLANK (usPTO) 



